ABSTRACT. Two intact female dogs were admitted for growing mammary tumors. They had symptoms of acromegaly including weight gain, enlargement of the head, excessive skin folds, and inspiratory stridor. Serum concentrations of growth hormone (GH), insulinlike growth factor-I (IGF-I), and insulin were elevated in the two cases. From these findings, both dogs were diagnosed with acromegaly. In case 1, the GH, IGF-I, and insulin levels subsided after removal of the focal benign mammary tumors and ovariohysterectomy. In case 2, those levels subsided after removal of only focal mammary carcinoma. In both cases, immunohistochemical investigations for GH were positive in the mammary tumor cells but not in the normal mammary glands. We concluded that GH-producing mammary tumors caused the present acromegaly.
Acromegaly is caused by growth hormone (GH) excess, characterized by overgrowth of the soft tissue, bone, and viscera. In humans and cats, acromegaly is commonly caused by pituitary adenomas producing GH [8, 9] . In dogs, on the other hand, acromegaly is usually caused by GH production at hyperplastic mammary glands [12, 13] . Although GH is also produced by mammary tumors in dogs [14] , there has been no report with clinically obvious acromegaly induced by GH-producing mammary tumors. In the present report, we described the clinical course of two dogs with acromegaly caused by GH-producing mammary tumors.
Case 1 was a 10-year-old intact female Miniature Dachshund dog admitted for growing mammary tumors measuring 3-5 cm in diameter in the right fourth and fifth mammary glands, polyuria/polydipsia (PU/PD), and polyphagia for about 6 months. Clinical symptoms included weight gain (from 6.2 to 7.3 kg in 8 months), enlargement of the head, thickening of the skin, excess skin folds around the neck and limbs (Fig. 1) , and inspiratory stridor. The dog had never received progestin treatment, and the last estrus was observed about 1 year before presentation.
Routine laboratory examination revealed lower packedcell volume (PCV, 28%; reference range: 37-55%) and leukocytosis (24,900/µl; reference range: 6,000-17,000/µl). Other values including complete blood cell count, glucose, total protein, ALT, AST, ALP, BUN, creatinine, and total cholesterol were within the reference ranges. Both serum concentrations of GH (30 ng/ml; reference range: 0.5-3 ng/ ml; determined by Porcine/Canine Growth Hormone ELI-SA, Diagnostic Systems Laboratories, Inc., Webster, TX, U.S.A.) and insulin [70.0 µU/ml; reference range: 7.0-17.0 µU/ml; determined by Mouse Insulin ELISA Kit (TMB) AKRIN-011T, Shibayagi, Gunma, Japan] were significantly elevated. Serum concentration of insulin-like growth factor-I (IGF-I) was markedly elevated (388.0 ng/ml) compared with 3 age-and body weight-matched normal healthy Miniature Dachshund dogs (72.1-165.0 ng/ml [5] , IGF-I Somatomedin C II IRMA kit Siemens, Mitsubishi Chemical Medience Corporation, Tokyo, Japan) [4] . The serum concentration of progesterone was within the luteal phase level (2.7 ng/ml; reference range of luteal phase: 2.4-17.8 ng/ml; Canine Progesterone ELISA Test, Endocrine Technologies, Inc., Newark, CA, U.S.A.) ( dog was diagnosed with acromegaly. The dog was treated by ovariohysterectomy and surgical excision of the focal mammary tumors 10 days after presentation. Histological examination revealed mammary complex adenomas and bilateral ovarian luteinization. Immunohistochemical investigation for GH (Rabbit anti-human GH antibody, Dako Cytomation, Glostrup, Denmark) revealed immunoreactivities in the mammary tumor epithelial cells, as shown in Fig. 2 . These immunoreactivities were localized in the cytoplasm. There was no staining in the normal mammary glands surrounding the mammary tumors. PCV and serum concentrations of GH (0.7 ng/ml), IGF-I (60.2 ng/ml), and insulin (13.0 µU/ml) decreased to the normal range within 13 days after surgery (Table 1) . Within 70 days after surgery, clinical signs including inspiratory stridor, excessive skin folds, and PU/PD disappeared, and body weight decreased (from 7.3 to 6.2 kg), as shown in Fig. 3 .
Case 2 was a 13-year-old intact female Papillon dog admitted for growing mammary tumors measuring 8 cm in diameter in the right fifth mammary gland and 2 cm in diameter in the right second mammary gland. The dog had abnormal weight gain (from 5.3 to 6.3 kg in 9 months), PU/ PD, progressive inspiratory stridor, and excessive panting for about 6 months. Clinical examination revealed prominent skin folds around the neck, enlargement of the head (Fig. 4) , large mammary tumors, and a periapical abscess. The patient had never received progestin treatment. The last estrus was observed 10 days before presentation.
Routine laboratory examination revealed no significant abnormalities. Serum concentrations of IGF-I (1,020.0 ng/ ml) and insulin (32.0 µU/ml) were significantly elevated, and the serum GH concentration (5.0 ng/ml) was slightly higher than the normal range. Serum concentration of progesterone (17.5 ng/ml) was within the luteal phase level (Table 1) . From these results, the dog was diagnosed with acromegaly.
Although we planned mammary tumor excision and ovariohysterectomy, metastasis of the mammary tumor was suspected from thoracic radiographs before surgery. One of the mammary tumors was so large that the owner opted for the mammary tumor excision to improve the quality of life. Therefore, the mammary tumors were removed focally with regional lymph node. Histological examination of the large tumor revealed mammary complex carcinoma and metastasis to the regional lymph node. The other mammary tumor was diagnosed as complex adenoma. Upon immunohistochemical investigation for GH, immunoreactivi- ties were found in the cytoplasm of tumor epithelial cells. The normal mammary glands showed no immunoreactivities for GH (Fig. 5) . Although serum concentrations of GH (2.1 ng/ml), IGF-I (437.0 ng/ml), and insulin (15.4 µU/ml) dropped within 23 days after surgery (Table 1) , clinical symptoms of inspiratory stridor and excessive skin folds did not improve. Canine acromegaly typically occurs in middle-aged to elderly female dogs in the luteal phase or after administration of exogenous progestins [2, 6] . Endogenous progesterone or exogenous progestins stimulate GH production in hyperplastic mammary glands in dogs [6, 12, 13] . This GH can act via the autocrine system to promote the growth of mammary glands or elevate systemic IGF-I secretion [10] . Excessive GH also induces glucose intolerance, which can lead to hyperinsulinemia and/or hyperglycemia. In case 1, anemia was observed before surgery and was improved to the normal range 13 days after surgery. Anemia has been reported in dogs with acromegaly or dogs treated with porcine GH. However, the exact mechanism causing anemia with these dogs remains unknown [10] .
A previous report demonstrated that complete removal of normal mammary glands can reduce GH and IGF-I levels in dogs [13] . In the present cases, although the normal mammary tissue was left, removal of only the mammary tumors decreased the GH and IGF-I levels. In addition, the immunoreactivities for GH were found only in the mammary tumor cells but not in the normal mammary glands, suggesting that GH produced by mammary tumors caused the acromegaly. This is supported by a previous report that most mammary tumors produce GH in dogs [14] . However, in case 1, we could not exclude the possibility that endogenous progesterone produced by the ovary may serve to produce GH, because surgical removal of the mammary tumor was accompanied by ovariohysterectomy. In case 2, the IGF-I level was not decreased to the normal range after surgery. Previous report demonstrated that IGF-I and GH concentrations were significantly higher in malignant mammary tumors in dogs, suggesting that IGF-I can be secreted by the mammary tumors, not only the liver, stimulated by GH [10] . Therefore, IGF-I secretion from another site, such as a metastatic mammary tumor, may cause the sustained high concentration of IGF-I in case 2. In contrast to our cases, a previous study has shown that canine malignant mammary tumors contain high GH levels without acromegalic symptoms [10] . The differences that determine whether mammary tumors do or do not develop acromegaly remain unknown.
Canine acromegaly occurs spontaneously during the luteal phase. High physiologic levels of progesterone in the luteal phase increase GH levels, which can cause acromegaly [3] . In our cases, the serum progesterone concentrations were within the luteal phase levels. However, chronic excess of progesterone should not have existed in case 2, since the last estrus was observed only 10 days before presentation. That period was much shorter than the usual one that takes 3 to 5 weeks between the last estrus and onset of the acromegalic signs [3] . We therefore concluded that the GH production of mammary tumors may be independent of progesterone stimulation, at least in case 2. This hypothesis is supported by a previous report that mammary carcinomas express GH gene independently of progesterone [7, 14] .
Ovariohysterectomy or withdrawal of progestin administration is the treatment of choice for canine acromegaly [2, 11, 12] . Recently, aglepristone, a progesterone receptor antagonist, was used to treat canine acromegaly [1] . We propose that surgical excision of mammary tumors may be an alternative treatment for canine acromegaly caused by GH-producing mammary tumors.
In conclusion, we diagnosed two dogs with spontaneous acromegaly. Surgical excision of mammary tumors decreased the serum concentrations of GH, IGF-I, and insulin. In addition, GH immunoreactivities were observed in the mammary tumors, but not in normal mammary glands. These results suggested that the acromegaly was induced by GH production in the mammary tumors. To the best of our knowledge, this is the first report providing concrete evidence of a causal relationship between GH-producing mammary tumors and naturally occurring canine acromegaly.
